.
The preparation of trithiocarbonato complexes has generally been accomplished by treatment of the appropriate metal compounds with alkaline trithiocarbonate [1, 10] or with an excess of CS2 [11] [12] [13] ; alternatively, treatment of [(triphos)Co' ^C-PEt3](BF4)2 with RO~ in the * Reprint requests to Dr. P. G. Jones. 0340-5087/83/0400-0449/S 01.00/0 presence of Sg leads to the formation of the corresponding neutral trithiocarbonate [9] .
In the present paper, we describe the preparation of palladium dithio-and trithiocarbonato complexes by the reaction of PdL2(?? 2 -CS2) derivatives with O2 or S 8 in the presence of an excess of the ligand L.
An X-ray diffraction study of Pd(PPh3)2(CS20)
suggests a formulation as a mixture of S,S-and S,0-dithiocarbonato isomers.
Results and Discussion
The following reactions (1) and (2) in benzene/CS2
lead to the isolation of the corresponding dithio-or trithiocarbonato complexes
L = PPh3, PEtPh2; L2 = dpe, dpb
In the first case the resulting dithiocarbonato compounds are mixed with OL, as may be seen from their IR spectra, which in the 1200 cm -1 region show absorptions characteristic of the stretching vibration i>(0=P) [14] . The separation can be accomplished by repeatedly washing with diethyl ether, in w T hich the palladium complex is insoluble.
As may be seen from the following, the isolated complexes (I-III), whose elemental analyses are given in Table I, and subsequent addition of an excess of phosphine (eq. (2)) leads to the formation of the trithiocarbonato complexes and phosphine sulphide. The existence of the latter is confirmed by an absorption assignable to r(P=S) [15] in the 640 cm -1 region of the IR spectrum of the crude product. In most cases, the complexes can be purified by washing with diethjdether, which dissolves SPR3. For L2 = l,4-bis(diphenylphosphino)butane, dpb, the product was purified by column chromatography. The analytical results are collected in Table I .
As Coucouvanis and Fackler [16] have shown, Table II . IR spectra of PdL2(CS20) (absorptions of the S,S-dithiocarbonato ligand).
the exposition of the two triphenylphosphine molecules.
The NMR spectrum of Pd(PPh3)2(CS3) shows a signal at 29.7 ppm, which indicates that both phosphines are equivalent.
Experimental
C, H analyses were determined with a PerkinElmer 240 microanalyzer. IR spectra were recorded (at 4000-200 cm-*) on a Perkin-Elmer 599 spectrophotometer using Nujol mulls between polyethylene sheets. The NMR spectra were recorded on a Varian ET. 80 A.
To a solution of 0.5 mmol of PdL2(/? 2 -CS2) in 10 ml of benzene were added 2 ml of CS2, and 02 was bubbled through for 12 h. After adding 0.5 mmole of L, the resulting solution was evaporated to ~5 ml, and 10 ml of ether were added. The resulting precipitate was filtered off and washed with two portions of ether. The product was recrystallised from dichloromethane/ether. (Yields = 80%, 92%, 75% respectively.)
To a solution of 0.5 mmol of PdL2(>y 2 -CS2) in 15 ml of benzene and 3 ml of CS2 was added 0.0321 g (0.125 mmol) of Ss. After 5 min stirring 0.5 mmol of L was added and the stirring was continued for 48-72 h.
For L = PPh3 the resulting suspension was filtered and the solid was washed with 3 X 10 ml of Et20 and finally recrystallised from CH2Cl2/ethanol (yield: 70%).
For L = PEtPh2 the solution was evaporated to dryness and the resulting solid was extracted with CH2C12 and crystallised by partial evaporation and addition of ethanol. The compound was finally washed with ethanol (yield: 45%). L2 = dpe, dpb: To a solution of 0.5 mmol of L2Pd(^2-CS2) in 15 ml of benzene and 3 ml of CS2 was added 0.0321 g (0.125 mmol) of S8. The mixture was stirred for 96 or 72 h respectively. The resulting solution was evaporated to dryness and the residue was extracted with 10 ml of CHC13. 0.6 or 1 mmol respectively of L2 was added whilst the stirring at room temperature was continued for 3 h.
For L2 = dpe the solution was evaporated to dryness and the residue was treated with 10 ml of acetone. Subsequent filtration and washing of the solid with 2 x 5 ml of ether gave a 75% yield.
For L2 = dpb the resulting chloroform solution was partially evaporated and 15 ml of Et20 were added to crystallise the compound together with phosphine sulphide. The latter was removed by chromatography in Florisil columns, eluted with a mixture of benzene/dichloromethane (1:2).
X-ray Structure Determination of Pd(Ph3P)2(CS20) • CH2Cl2
Red prisms were obtained on recrystallisation from dichloromethane/n-hexane. A crystal 0.7 X 0.3 X 0.1 mm was used to collect 4943 profile fitted intensities [18] in the range 7°<20<45°ona Stoe four-circle diffractometer (monochromated MoKa radiation). After Lp corrections, averaging equivalents gave 4738 unique reflections, 3812 of which with F>4a(F) were used for all calculations.
Crystal data: triclinic, space group Pi, a = 1103.6(4), b = 1343.4(5), c = 1368.5(5) pm, a = Table III . Atom coordinates ( X 10 4 ) and isotropic temperature factors (pm 2 X 10 -1 ).
x/a y/b z/c U Pd 2799 (1) 4436 (1) 2299 (1) 41(1 * P(l)
4474 (1) 3843 (1) 2161 (1) 42(1 * P (2) 1116 (2) 2816 (1) 2633 (1) 47
1362 (2) 5328 (2) 2315 (1) 68(1 * S (2) 4089 (2) 6197 (1) 1981 (1) 62(1 * C(l)
2705 (8) 6526 (6) 2150 (5) 67(4 * O 2792 (6) 7585 (4) 2174 (3) 80(3 * C (12) 6745 (6) 5769 (5) 2375 (5) 59(3 * C (13) 7985 (6) 6483 (6) 2195 (5) 66(3 * C (14) 8508 (7) 6208 (6) 1396 (6) 76(4 * C (15) 7820 (8) 5262 (6) 766 (6) 76(4 * C (16) 6563 (7) 4541 (5) 955 (5) 59(3 * C(ll)
6022 (6) 4792 (5) 1782 (4) 45(3 * C (22) 4642 (7) 3671 (5) 4194 (4) 56(3 * C (23) 5196 (8) 3506 (6) 5057 (5) 69(4 * C (24) 6237 (8) 3206 (6) 5077 (5) (36) 3418 (7) 2753 (6) 305 (5) 61(3 * C (31) 3923 (6) 2641 (5) 1236 (4) 45(3 * C(42) -272 (7) 2858 (6) 876 (5) 77(4 * C(43) -1398 (8) 2649 (7) 205 (6) 90(4 * C(44) -2634 (7) 2096 (6) 455 (6) 82(4 * C(45) -2763 (7) 1772 (7) 1379 (6) 80(4 * C(46) -1658 (6) 1992 (6) 2048 (5) 66(3 * C(41) -395 (6) 2545 (5) 1808 (5) 54(3 * C (52) 1044 (7) 3912 (6) 4439 (5) 61(3 * C (53) 614 (8) 3971 (6) 5369 (5) 73(4 * C(54) -188 (7) 3049 (7) 5725 (5) 75(4 * C(55) -554 (8) 2050 (8) 5191 (6) 84(4 * C(56) -136 (7) 1955 (6) 4259 (5) 68(3 * C (51) 658 (6) 2903 (5) 3877 (4) 50(3 * C (62) 558 (7) 714 (5) 1669 (5) 66(3 * C(63) 662(9) -293(6) 1601 (7) 84(4 * C (64) 1363(10) -546 (6) 2326 (8) 96(5 * C (65) 2057 (8) 232 (6) 3142 (6) 83(4 * C (66) 1955 (7) 1239 (5) 3222 (5) 62(3 * C (61) 1221 (6) 1483 (5) 2485 (5) 50(3 * C (2) 5895 (21) 8965 (17) 3289 (16) 252 (9 Cl(l) 7448 (6) 8909 (3) 3643 (4) 257(4 * Cl (2) 5856 (5) 10110 (4) 3750 (5) 292(4 * * Equivalent isotropic U calculated from anisotropic U.
94.77(3),/5=94.57(3),y=l 13.64(3)°, U= 1.8371 nm 3 . Z = 2, //(MoKa) -0.7 mm -1 . The structure was solved by the heavy atom method and refined to R = 0.059, Rw = 0.057 (weighting scheme w -1 = <r 2 (F) + 0.0007 F 2 ). All non-hydrogen atoms except solvent C were refined anisotropically; phenyl H were included in the refinement using a riding model (C-H 96 pm, U(H) = 1.2U(C)). Final atom coordinates, thermal parameters and selected molecular dimensions are given in Tables III, IV. Table III (continued).
Anisotropic temperature factors (pm 2 x 10 _1 ). (1) 37 (1) 4 (1) 6 (1) 18(1) P(l)
42 (1) 47 (1) 35 (1) 1 (1) 5 (1) 18 (1) P (2) 43 (1) 53 (1) 42 (1) 5 (1) 10 (1) 17(1) S(l)
69 (1) 80 (1) 73 (1) 11 (1) 12 (1) 48(1) S (2) 71 (1) 50 (1) 60 (1) 10 (1) 5 (1) 20 (1) 0 (1) 93 (6) 79 (5) 33 (4) 6(3) -6(4) 43 (4) 0 134 (5) 102 (4) 49 (3) 1(3) -7(3) 100(4) 0 (12) 50 (4) 70 (4) 50 (4) 3 (3) 6 (3) 18 (3) 0(13) 48 (4) 63 (4) 69 (5) 6(4) -8(4) 6(3) 0 (14) 55 (4) 80 (5) 84 (6) 29 (4) 12 (4) 15 (4) 0(15) 79 (5) 78 (5) 76 (5) 17 (4) 39 (4) 31 (4) 0(16) 58 (4) 57 (4) 59 (4) 6 (3) 16 (3) 20 (3) 0(11) 47 (4) 55 (4) 35 (3) 7 (3) 7(3) 22(3) C (22) 62 (4) 58 (4) 43 (4) -1(3) 7 (3) 21 (3) 0(23) 91 (6) 81 (5) 36 (4) 10 (3) 11 (4) . We would suggest that the deviations from ideal geometry in our Pd(Ph3P)2(CS20) structure are at least partially to he accounted for by a degree of disorder between S,S and S,0 bonding modes of the dithiocarbonate, as observed in the solution NMR spectrum (see above).
The complex shows the expected planar geometry; the Pd atom lies 2 pm out of the S2P2 plane. The thiocarbonate is also planar (max. deviation 0.02 Ä) and makes an angle of 7° with the PdS2P2 plane.
